It has been found repeatedly that a biphasic pattern of fever develops following an intravenous injection of bacterial pyrogen in the rabbit, dog and cat. CANNON & PEREIRA (1924) suggested that the adrenal medullary secretion plays a leading role in the production of the first peak, an interpretation which lacks confirmation (PINKSTON, 1935 It was felt by the present workers that a further study with the simultaneous recording of important physiological parameters in the undisturbed animals receiving a highly purified pyrogen was needed. The experiments reported in this paper suggest that the biphasic fever stands for the fever with a temporary suppression which may be ascribed, in part at least, to an adrenaline-like substance liberated.
METHODS
Experiments were performed on mature male albino rabbits weighing 2 to 3 kg.: (1) normal, (2) right-stellate-ganglionectomised, (3) bilateral-stellate-ganglionectomikd, (4) adreno-demedullated, (5) adreno-demedullated-right-stellate-ganglionectomised, (6) thyroidectomised rabbits were used. Extirpation of stellate ganglion was carried out in principle by the FELDBERG (1926) technique for the purpose of complete sympathetic denervation of the ear. Bilateral adreno-demedullation was performed by means of enucleation of the two adrenal glands at one stage. The above three kinds of surgical operations were conducted under anaesthesia with urethane (12-13 ml./kg. body weight of 10% solution) administered intravenously.
The animals were all in good conditions at most a week after the operations.
In order to analyse the events caused, a pyrogen was injected intravenously into conscious animals, both intact and postoperative: one month or so elapsed between the surgical operations and the administration of pyrogen; on some occasions, experiments 
RESULTS

Fever pattern and its modification
The use in the present study of a purified pyrogen gave the same general picture as was previously described of vaccine and other crude pyrogenic substances. When a sufficient amount of the pyrogen was given intravenously to a rabbit, there was a rapid rise to a peak during the first one hour or so, followed by transient and incomplete fall (sometimes, stable interpolated phase) and then per kg. The latter fact has been observed in all of the 7 experiments. Striking change of the denervated ear temperature cannot be accounted for by the change of rectal temperature though both of the two temperatures changed in the same direction. Any vasoconstriction in the denervated ear was in its time course apparently different from that of the normally innervated ear. We observed only one phase of constriction which coincided in duration with the period between the two peaks. With regard to the above divergent results due to different dosage levels, it can be argued that the vasoconstrictor effect of pyrogen is normally mediated by the sympathetic nerves and that higher doses of pyrogen release some humoral agent in amounts sufficient to cause constriction in the denervated ear vessel which is much more responsive. As to the events caused by a larger dose, the present result is not fully in accord with the experience of ARMIN & GRANT (1957) who described two phases of constriction in the vessel of denervated ear, both phases being independent of the rise of body temperature. Possible explanations for the conflicting results may be as follows: First, we used a purified pyrogen instead of a vaccine, the impurity of which might be responsible for the appearance of the first phase of constriction as was the case with their suggestion. Second, our method might be more fitted in recording a slight change of rectal temperature. Third, the rabbits in our conditions were supposedly more physiological. After adreno-demedullation the monophasic decrease of denervated ear temperature developed more slowly and to a less degree, as is shown in FIG. 3 b. The criterion here was based on its comparison with the intensity of vasoconstriction of the normal ear. Similar results were obtained in 6 out of the 7 cases. These vascular changes suggest the increase of an adrenaline-like substance secreted from the adrenal medullae into the blood.
Hyperglycaemia
We could confirm the observations by several previous authors that the pyrogen injection causes hyperglycaemia. In our experiments the rise of blood sugar occurred in the period of the first declining phase of fever with 4 II, g. per kg. (in 9 out of 10 trials) . A typical case is illustrated in FIG. 1 . This finding is additional support of the belief of the release of an adrenaline-like substance into the blood.
Skeletal muscular activity It was noticed in the present study that also the skeletal muscular activity, though not detectable as gross shivering, may play an important role in causing a biphasic pattern of fever. Electromyographic recording from the muscles in the back of the body revealed that the activity was highest during the first rising phase and next highest during the second declining phase, resulting in the lowest activity during the interpolated phase. An example is shown in FIG. 4 Participation in fever of extra-vascular factors With regard to the thermoregulatory effector systems participating in causing a fever, the current concept, as reviewed by BENNETT & CLUFF (1957) and by ATKINS (1960) , may be that, in rabbits, the febrile response to pyrogen is accounted for almost entirely by a sharp decrease in heat loss. However, here can be presented the evidence for the importance of other terminal organs to be used than the cutaneous blood vessel. As is demonstrated in FIG. 5 , left and right, a marked fever can develop in the rabbit in which the vasoconstriction is interrupted by the previous bilateral denervation of the ears or by the pretreatment with dibenamine, an adrenergic blocking agent.
With a pyrogen dose of 0.4 µg. per kg. such was the case in each of 3 animals as to the former procedure and 5 of 6 as to the latter one. These observations, indicating the significance of extra-vascular factors, may be in support of the results in FIGS. 2 and 4 where a role to be played by heat production is suggested. , considered the injection of a bacterial pyrogen would produce, in addition to an initial febrile response due to its direct action, a second fever peak as a result of the release of an endogeneous pyrogen. In this regard, there is some evidence against the above two possibilities: Critical discussions will be found in reviews by GRANT (1951) and by ATKINS (1960), and it now seems more likely that a pyrogen, regardless of whether bacterial or endogeneous in its origin, will cause either monophasic or biphasic fever depending upon dosage. The possibility cannot be ruled out that a biphasic fever is caused only by one factor throughout. However, except for the earlier explanations of CANNON & PEREIRA (1924) and of PINKSTON (1935) described hereinbefore, no concrete account has yet been given on this possibility.
It was shown in the present investigation that skeletal muscular activity (E.M.G.) in the second rising phase of fever was inclined to be lower than in the second declining phase. This fact might be associated with the finding that, although it is not the case with the first peak, the second peak frequently has a steeper slope in the declining phase than in the rising phase, a suggestion that two peaks are of quite different character in the origin. As a matter of fact, in one of our thyroidectomised rabbits, a low temperature below the control level was attained between the two peaks of fever. In this connexion, it is interesting to note that the cold-exposed rabbit was reported to respond to pyrogen with a delayed hypothermia (GRANT, 1949). The foregoing observations cannot be adequately explained by a hypothesis that the biphasic pattern of fever consists of two distinct fevers. Instead, it seems more reasonable to suppose that such a pattern is caused by a temporary suppression of a fever which otherwise would be monophasic.
The fact that a lower fever of biphasic pattern is obtainable by some chance with the administration of a larger dose than with a moderate dose (FIG. 2) is noteworthy, because it may be suggestive of the activation of the suppression mechanism of fever. In fact, after thyroidectomy the fever response to pyrogen is liable to be biphasic for the low level of temperature, a striking contrast to the intact animals in which sometimes develops a high monophasic fever. It might be that the increased calorigenic response related to the thyroid gland can counteract the production of biphasic fever, a supposedly temporal suppression of a fever, which is due to combination of increased heat loss by vasodilation and of decreased heat production by skeletal muscular relaxation.
Though with an application of a rather large dose, a close parallelism has been clearly demonstrated between the two temperature courses, the denervated ear and rectal one, just during the interpolated period from the first to the second peak (FIG. 3 a) . Probably it is more than a mere coincidence. A causal relation may be implicated between the vasoconstrictor substance released into the blood stream as indicated by the drop of the denervated ear temperature and the suppression of fever as suggested in the above discussion, even in case vasoconstriction is less manifest. There are two reasons for assuming that the vasoconstrictor substance in question was adrenaline or the like. First, the vasoconstriction of the denervated ear was largely prevented by bilateral adreno-demedullation. Second, the vasoconstriction was accompanied by hyperglycaemia. It is generally agreed that adrenaline makes its appearance in the blood after the injection of pyrogen. Reportedly, a pyrogen administered to dogs can result in the increased catecholamine level in the adrenal vein except for with small doses (EGDAHL, 1959) . It is interesting in this connexion that a single peak of fever, nearly as high as a biphasic one, is caused by smaller doses. It should be pointed out, however, that there is disagreements concerning the time course of the adrenaline level in relation to the fever curve. According to CANNON & PEREIRA (1924) , the first elevation of fever in cats is associated with adrenal medullary secretion as indicated by an acceleration of denervated heart . But our method appears to be more suitable and more reliable for the recording of time course of the level of adrenaline in the blood . In addition, they did not describe the way by which the recording of body temperature was made . See also our discussion on the report of ARMIN & GRANT (1957) made hereinbefore in the section of results (denervated ear).
It has long been known that the administration of adrenaline to a normothermic animal sometimes leads to a hypothermia rather than to a hyperthermia (ELLIs, 1956 ). Granted that adrenaline or the like is secreted during the supposedly suppressed phase of fever, the question may arise whether this vasoconstrictor substance is effective in producing both vasodilation and muscular relaxation as were actually observed in the present experiments. HALL & GOLD-STONE (1940) has reported in cats that adrenaline, in doses just in excess of the physiological rate of secretion, suppresses shivering during the exposure to cold, an effect which was interpreted to be mediated through the nerves; SWAN (1951) has postulated the central vasodilator action of adrenaline in man. Secretion of adrenaline or the like may be the prime event in the development of biphasic fever, as described above, but the available data do not exclude another cause. The level and the rise of the brain temperature could be concurrent in the effect. Furthermore, GELLHORN & FELDMAN (1941) stated that, in rats, typhoid-paratyphoid vaccine acted on both sympathetico-adrenal and vago-insulin centres, the effect on the former predominating.
However, it is conceivable that there is the calorigenic effect of adrenaline which is augmented by thyroid hormone (cf. ELLIS, 1956), a counteraction to the above suppression effect. It is of interest to consider that our discussion on the biphasic pattern of fever may be related in some way to the possible presence of such an emergency mechanism as presupposed by Du BOIS (1949) for preventing the body temperature from extreme rising. SUMMARY 1. Experiments have been carried out to analyse the way in which a bacterial pyrogen causes a biphasic pattern of fever in rabbits. 2. It was just during the interpolated period between the first and the second peak of fever, that vasoconstriction was observed in the denervated ear with a larger dose of pyrogen. After adreno-demedullation this vasoconstriction developed more slowly and to a less degree. 3. Moreover, it was principally during the period of the first declining phase of fever that hyperglycaemia was seen. 4. A marked fever developed in a rabbit in which the participation of skin vessels was largely or completely prevented. 5. There was a tendency in intact animals that skeletal muscular activity, as indicated by E.M.G. from the back of the body, was low throughout the period between the two peaks compared with the other periods of the induced fever. 6. A biphasic fever was more likely to occur for the low level of temperature in a thyroidectomised rabbit. 7 .
It may be concluded that the biphasic pattern of fever is caused by a temporal suppression of a fever which would otherwise be monophasic. The adrenal medullary secretion may be suggested to play an important part in such an effect.
